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Fresh water and electricity...from one Westinghouse super-factory
imagine a modern factory that can produce soo,000 kilowatts of electric power—and at
the same time take water from the sea and make it drinkable at the rate of 5o million gallons a day.
That's enough power and water for a population of half a million.
No such super-factory exists anywhere in the world. Not yet. But a small-scale version of
the Westinghouse system is bcing built by Burns and Roe, Inc. for an electric utility in the Canary Islands.
INaste heat from the electric power turbines will convert sea water to fresh by a flash distillation
process, providing abundant electricity and watcr for industry, agriculture and home uses. And at a
lower cost than now exists in many parts of the world.
Westinghouse can build large or small sca water super-factories for electric utilities
in any coastal area. And as research continues, scientists tnay find a practical way to harvest
chemicals from sea water in the same process.
You can be sure if it's Westinghouse
For information on a career at Westinghouse, an equal opportunity employer,
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa.
Bob Turley, on right, American Oil Company Sales Engineer discusses
cutting oil problem with Walter Binkley of Schwmn Bicycle Company.
When you
drill • tap • form • mill. shape
all in 22 seconds...
That's the kind of problem a sales engineer here at
American Oil comes up against. It actually happened to
Bob Turley when the Schwinn Bicycle Company asked
him what oil he'd recommend for this complicated metal
cutting problem. He had the answer—one of our special
cutting oils—he solved the problem, and made the sale.
Bob's a graduate of Purdue—and the American Oil
Company Sales Engineering School. He knows machines
and oils. He's our "outside" man with the inside track
on lubricants. And, he likes meeting people. That's why




Bob's a mechanical engineer. Yet, he might have been
working for us if he were a metallurgist, chemist, math-
ematician or physicist. Petroleum takes on a multitude of
uses and requires people of every skill. For information
regarding a career in sales engineering or other fields,
write to C. L. Wells, Room 1036, American Oil Company,
910 S. Michigan Avenue, Chicago, Ill. ZIP Code 60680
STANDARD OIL DIVISION
AMERICAN OIL COMPANY
AMERICA'S OLDEST ENGINEERING COLLEGE MAGAZINE I
CONTINUOUS MONTHLY PUBLICATION — 1891-1964
IN THIS ISSUE
TERRE HAUTE CLEANUP
As has been the custom in the past, the TECHNIC
presents the Tau Beta Pi pledge essay for this semester.
As was the case last semester, the pledges have written
a satirical essay on an intimate problem. The target of
their essay is the "beautiful" city of Terre Haute. Al-
though the essay is very amusing, the town officials of
Terre Haute could well benefit from some of the ideas
presented. Not least among their suggestions is the recom-
mendation of rerouting Wabash Avenue, U. S. 40, through
the drive-ins that presently border the street.
THE SHEPHERDS' ALGEBRA
This article describes the ancient national game of
Kazakhstan, a province of the U. S. S. R. It was written
by an ex-champion of Kazakhstan, Talap Sultanbekov.
The translation was made by Rose freshman H. D. Blak-
er. Included in this interesting and informative article
are the rules, a diagram of the playing board and a
sample game.
THE ALCHEMIST
From the desire to make gold came the development
of alchemy. David Hussung writes of the history of al-
chemy from its beginning in China about the third cen-
tury B. C., to its end in Europe over two thousand years
later. Included in this article is an evaluation of the
contributions which alchemy made to modern science.
Cover Note
This month's cover is an artist's conception of a
hydrofoil seacraft under development by the U. S. Mari-
time Commission. Plates supplied courtesy of Monsanto
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Some tiny creature struggling to escape from a sticky mess of fly-paper is one image that comes to mind
when we think of our own "involvement" in a myriad of activities. Still the positive values of being "involved"
far outweigh the frustrations and disappointments. Working with our fellow human beings in the significant
developments of our times is in itself rewarding. Any enduring good accomplished for others is an even more
noble satisfaction.
Concern for others, commitment to high principles and hard work to support some agreed upon goals are
part of being "involved."
The newly adopted student government constitution on the Rose campus is a good example of the cost of
involvement and of its durable rewards. Several student leaders were willing to support an idealistic cause in
the face of apathy, to organize working groups in spite of reluctance traceable to other "involvements," to seek
out the experience of other student bodies and the counsel of helpful faculty members, to struggle with conflict-
ing demands, to attempt reconciliation of sharply divergent philosophies of ultimate authority, to work hard for
favorable action in the face of frustration, and finally to be willing to accept the responsibilities of an elective
office in the new structure. We should all be thankful that they were willing to become so deeply "involved."
In a new book, Self-Renewal: The Individual and the Innovative Society, John Gardner says:
"Unless we attend to the requirements of renewal, aging institutions and organizations will eventually
bring our civilization to moldering ruin. Unless we cope with the ways in which modern society oppresses
the individual, we shall lose the creative spark that renews both societies and men. Unless we foster
versatile, innovative and self-renewing men and women, all the ingenious social arrangements in the
world will not help us."
He is not afraid to speak in terms less frequently heard in today's debates on great issues, — love, courage,
self-development, commitment, meaning and self-renewal. To those who feel uncomfortable with such expressions
of moral concern Gardner says:
"Many moderns would rather walk barefoot over hot coals than utter an outright expression of moral
concern. They have to say it obliquely, mix it with skepticism or humor, or smother it with pessimism.
But embarrassment about the expression of moral seriousness is a disease of people far gone in affec-
tation and oversophistication. Unaffected people will regard it as normal to consult their deepest values
and to exhibit allegiance to those values."
He points out that the vitality of societies is essentially the vitality of their individuals and institutions.
When organizations and societies are young, they are uninhibited, flexible, adaptable, willing to try anything.
While maturity brings order, competence, ard strength it may also bring rigidity, timidity and senility.
An ever-renewing society can be developed only if it fosters creative, self-renewing individuals.
Gardner criticizes the current fashions in educating such individuals:
" . . . much education today is monumentally ineffective. All too often we are giving our young people
cut flowers when we should be teaching them to grow their own plants. We are stuffing their heads with
the products of earlier innovation rather than teaching them to innovate. We think of the mind as a store-
house to be filled when we should be thinking of it as an instrument to be used."
Let us all — students and faculty, alike — strive for a working system of education at Rose that






The Student Body Constitution approved by the
vote of the students on May 8, is the key to a new era
in student responsibility at Rose. To be congratulated
are the student committee under the leadership of
Student Council President Norf Schuld; Professor
John Biel and Mr. Richard Hahn, who provided guid-
ance and experienced counsel; and the editors and
staff of the Explorer, whose hard work in publicizing
and explaining the merits of the new constitution was
instrumental in obtaining the required two-thirds af-
firmative vote of the student body.
The privileges and obligations obtained by this con-
stitution carry with them the need for responsible
and mature leaders in order for the system to be ef-
fective. The offices established will be surrounded with
more prestige than before, but they will also entail
more work and careful, mature judgment.
It is worthy of note, however, that there were a
significant number of votes against the new consti-
tution. Many of these were by men who sincerely be-
lieved that this constitution is not in the best interests
of the students of Rose. Now is not the time for these
men to remain silent. Article VIII, Section 19, pro-
vides for a fairly easy method of amendment. Now,
during the one-year life of this amendment procedure,
is the time for the "loyal opposition" to push for the
changes they feel are desirable in order to establish
an even better student government at Rose.
Probably the most controversial provision of the new
constitution is the establishment of a system of student
courts to maintain student discipline. This is something
of an experimental nature. For years students have
been claiming to have the maturity and judgment to
discipline themselves. The success or failure of the
student courts will depend to a great extent on whether
or not this is true. At any rate, the students must keep
in mind at election time that any Student Congressman
is potentially a member of either the traffic or Common
Court. The President and Vice-President must con-
sider very carefully their appointments to the three
judicial bodies. The courts can be effective only if
their members are the most respected students avail-
able, because success of the courts will be based only
on student respect, not on the fact that the courts have
authority.
The new constitution is designed for an expanding
body — this is one of its major advantages. Perhaps
the existence of a responsible student government at
Rose will aid the expansion program. Whether for
five hundred students or for two thousand, the




USAF F-105, unleashing air-to-ground
rockets at simulated enemy target.
SCh001'S OUL
Right now, graduation seems way off in the wild blue
yonder. But it's not too early to start planning. In the
future, you'll look back on decisions you make today
with satisfaction...or regret.
What can an Air Force career mean to you in tangible
gain? The opportunity to take on executive responsi-
bilities you might otherwise wait years to attain. And a
head-start into one of a wide range of possible careers
you may be flying a supersonic jet ... helping to keep
America's guard up. Or you may be in an Air Force
laboratory, working to solve an intricate scientific or
technological problem.
Doing jobs like these, you can hold your head high. In
addition to being essential to your country, they're the
beginnings of a profession of dignity and purpose.
For more information, see the Professor of Air Science.
in the exciting Aerospace Age. If there is no AFROTC unit on your cam-
As an Air Force officer, for example, FOPC_ pus, contact your Air Force recruiter.
Tau Beta Pi Pledge Essay
Terre Haute Cleanup





It is obvious that the city of Terre
Haute needs cleaning up; and while
the city has made great progress in
one direction with their urban re-
newal project, we feel that there are
many other areas which need atten-
tion. Certainly we believe that a
need for constant education exists in
the governing of municipalities. If
there is one thing that the citizens
of Terre Haute should be proud of,
it is the experience of the city gov-
ernment. But do they realize that
they have a need for extra course
work to give them new ideas? It
would be disheartening to the citi-
zenry if the government officials of
Terre Haute did not take advantage
of the outstanding institution to the
east of the city.
We would like to propose a few
courses that we think could be par-
ticularly beneficial to the local gov-
ernment. A start would be Highway
and Sanitary Engineering from the
civil department. The chemical en-
gineering department is offering a
marvelous course in mass transport
that may help the traffic and sew-
age problems in Terre Haute. Since
the mayor is having regular news
conferences now, we would particu-
larly recommend to him the course
in transmission of information by
the electrical department. Finally





gardless of his position be required
to take that character building
course, Professional Orientation.
We have also made the observa-
tion that a great amount of street
repair and resurfacing is done regu-
larly. However, further investigation
reveals that this street work occurs
in regular four year cycles. It also
appears that this pattern is now in
its fifth cycle. Certainly we do not
feel that street repair is purely po-
litical, but we do feel that the elec-
tion must act, indirectly of course,
as a kind of forcing function to street
repair. So in order to cycle street
repair faster, we must increase the
frequency of the forcing function.
It therefore follows that city elec-
tions should be held annually.
One of the major problems which
confronts the "big T-highland circle"
is the apparent traffic problem. Since
we have been around Rose and have
seen how they have corrected this
situation, we feel better qualified to
offer solutions. Route 40 or Wabash
Avenue has offered considerable
difficulty to the citizens, especially
in the area between Henri's and
O'Day's. Anyone traveling between
these two "restaurants" can easily
see that most of the traffic now pass-
es through them. Consequently, up-
on entering or leaving them, there
results quite a traffic jam. So in or-
der to eliminate this hazard, we pro-
pose routing Wabash Avenue
through the respective "drive-ins."
Also to expedite travel between the
two the traffic light at Brown Ave-
nue should be removed and a stand-
ard quarter mile marked off. Along
with rerouting Wabash Avenue, it
should be widened from the present
four lanes to six lanes. This would
make it possible to have two lanes
of traffic in each direction.
Along with traffic, parking can
also be very perplexing. Anyone
who has ever tried to find a parking
place near the downtown business
district knows it is often so difficult
to do, that it is possible to drive
around for many miles and then not
always find a parking place.
Until this problem is actually
solved, we would recommend that
the city council encourage the major
oil companies to build a filling sta-
tion on each block in the shopping
district. This way, while a person is
driving about looking for a parking
space, he would be very close to a
filling station if he should use up a
tank of gas before he gets parked.
A feasible solution might be to
issue all the motorists in the Wabash
Valley a numbered sticker to be
secured in the lower, right hand
(Continued on page 22)
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For a period of almost two thous-
and years there flourished the prac-
tice of chemical operations with the
purpose of changing base metals
into gold. Alchemy, as this practice
came to be termed, seems to us an
absurdity, secretive in nature and
carried out by magicians and frauds.
In reality, alchemists sought to ac-
complish their goal not by magical
means but by the use of their dis-
coveries and interpretations of the
laws of nature. Although their
search was not conducted in the
manner of modern science, they
were sincere in their efforts to un-
derstand nature, a remarkable phe-
nomenon in pre-Christian and me-
dieval times.
The alchemists believed tt,iat
the ancients held the key to the
secrets for which they were search-
ing. It is in this respect that al-
chemy most differs with modern
science, for today scientists seek new
knowledge rather than looking
back to previous works for hidden
secrets. Still, the alchemists are
termed the founders of modern sci-
ence for they sought not only to
make gold, but also "to perfect
everything in its own nature," an
ideal not too far removed from that
of modern science.
The alchemists were bound to-
gether by a secretiveness manifested
in a set of symbols, (the key to
which was known only to those who
were accepted alchemists, in which
all their books and theories were
written.) Because the key has never
been found, the nature of the al-
chemist's experiments are still un-
known, although we know many
were performed with well designed
laboratory equipment. We have
found many of the results of their
experiments, but almost all are in-
compatible with today's scientific
knowledge. Because we have no
idea of what materials were used in
the alchemist's experiments we do
not know what caused them to ar-
rive at their erroneous conclusions.
Even though they obtained faulty
results the alchemists are credited
with developing laboratory equip-
ment and procedures which were





China is generally regarded as be-
ing the place of origin of alchemy.
Ideas characteristic of alchemy are
found in Chinese literature as early
as the third century B.C. The
Chinese regarded gold as a magic
medicine, giving alchemy its inher-
ent characteristics of philosophy and
religion as well as science. The al-
chemists of China were dedicated to
three goals: the production of gold
from base metals, the rendering of
gold into an edible form so that it
could be taken to obtain immortal-
ity, and the preparation of other
medicines of immortality. At about
the same time, Egyptian and Indian
philosophies associated gold with
immortality, fostering the growth
of alchemy along the same lines as
in China. Although the origin of al-
chemy is not precisely fixed, Alex-
andria, Egypt, was the center of the
art of practical chemistry between
306 B.C. and A.D. 642.
In Alexandria there was a great
proficiency in the arts of metal-
lurgy, glass working, enameling and
other processes in which practical
chemistry was employed. The infil-
tration of Greek philosophy and
thought into this center of science,
along with the philosophies of China
and India, produced the alchemy
that came to be practiced in Europe
centuries later. The Greeks' contri-
bution to the development of al-
chemy is significant. The Greeks
were unfamiliar with the phenome-
non of chemical transformations.
The atmosphere of Greek philosophy
was such that experimentation was
unacceptable in explaining nature's
laws. The Greeks of this age depend-
ed upon pure thought to advance
theories and prove them, leading to
errors which were accepted as
truths until modern science exposed
them. The Greek to whom most of
the basis of alchemical theory is
attributed is Aristotle. Aristotle
contributed what is considered to
be the fundamental theory of al-
chemy, that of the four elements.
He postulated that there were four
basic qualities or properties in any
material: the hot and the moist and
their opposites, the cold and the
dry. This gave rise to the four ele-
ments of which all matter is com-
posed in different ratios or propor-
tions: earth, air, fire, and water.
From this we get the next logical
step, a theory of transmutation, the
changing of a material into another
form. As an example, given cold,
wet water, we can replace the cold
with heat and obtain hot, wet air,
or what we now call steam. Aristotle
also proposed that everything is
made up of a universal matter found
in different forms. Gold, sulfur and
iron were to Aristotle merely differ-
ent forms of the basic matter, made
up in these cases, of water and




On the Campus is to be a regular feature,
being a revised version of the feature,
Organizations. The articles will concern
themselves with activities and groups on
the Rose campus.
In the past several years there
has been considerable renewed in-
terest in the area of intercollegiate
debate. This revival has been
brought about by the quest for
more college competition as publi-
cized by television programs such
as Championship Debating and the
G.E. College Bowl. This trend has
now reached Rose Poly.
Last fall the first debate team at
Rose since the 1930's was formed. It
was organized by Richard A. Hahn,
who came here from Florida State
University where he had been var-
sity debate coach. Needless to say,
Mr. Hahn's job was not an easy one.
About fifteen or twenty prospective
debaters turned out for the first
practice, only a few having had any
previous experience. During the
year dropouts who could not spare
the time reduced this number to
seven.
The national topic, which proved
to be very interesting because of
congressional legislation in Decem-
ber, was "Resolved: That the federal
government should guarantee an
opportunity for higher education to
all qualified high school graduates."
Each debater prepared a file of note
cards on the subject to be used as
"evidence" or information in the de-
bate. His job, in short, was to
10
learn everything he could about the
topic.
Each two man team met in a
practice intersquad debate about
once a week after school hours.
These practice rounds, lasting about
two hours, consisted of an actual
regulation debate followed by a
"critique" or period of constructive
criticism from Coach Hahn. Some-
times practice was merely two hours
of "talking out the subject."
Since this was Rose's first year
with a team, the school participated
in novice tournaments. This meant
contests of teams whose members
were in their first year of college
debating. Most "novice" debaters,
however, were a far cry from "in-
experienced" because many of the
competing schools give debate
scholarships to attract top high
school debaters.
Ready or not, the team's first
intercollegiate encounter was at the
Indiana State College Speech Tour-
nament on November 8 and 9, 1963.
Rose sent five teams to the contest,
and as was probably expected, did
rather poorly. The showing only
served as a stimulant for harder
work. The next tournament was at
Butler University in Indianapolis on
December 7, 1963. This was Pearl
Harbor Day, and a fitting day it
was for, as before, Rose was heavily
by Chuck Morgan
Freshman
bombed. The team finished with a
2 win, 10 loss record, but the "Fight-
ing Engineers" were not willing to
give up.
There were no major tournaments
scheduled until after Christmas, so
the team eagerly hoped that the new
year would bring better fortune.
This period between contests was
filled with much hard work includ-
ing case revisions, more intersquad
rounds, and several practice de-
bates with nearby Indiana State. By
now the team membership had fall-
en to seven active members. They
were George Allen, Pete Canalia,
Bill Idzior, Ellis Jones, Chuck Mor-
gan, Mike Robbins, and Gary Van-
Deman.
The renaissance was initiated at
the first 1964 tournament held at
Purdue University on February 8.
This was a large forty-six school
affair with some of the top squads in
the Midwest. The team was abso-
lutely determined to win at least
fifty percent of their debates. The
affirmative team consisted of
Jones and George Allen; the nega-
tive, Chuck Morgan and Mike Rob-
bins. Against tough competition
(University of Kentucky, Loyola
University of Chicago, Wabash Col-
lege, Miami University) the team re-
alized their goal, winning 4 and los-
ing 4.
Next came the first overnight trip
with a meet at Western Illinois Uni-
versity at Macomb, Illinois, on Feb-
ruary 15. Teams for this event con-
sisted of a new member, "Fighting
Pete" Canalia, and Allen as affirma-
tives and the same solid negative
team of Morgan and Robbins. Again
the team did very well winning 4
and losing 4. (Still only fifty per-
cent, but it was felt that the squad
did a better job of debating than at
Purdue.) Rose had shown that it
could fare as well as anybody in
intercollegiate debate.
The final tournament of the season
came on April 3 and 4, at Bellarmine
College in Louisville, Kentucky.
This was perhaps the best novice
tournament in the country attracting
such top debating schools as West
Point, Notre Dame, Northwestern,
and the University of Georgia. The
same teams that went to Western
Illinois were taken. This three-day
trip consisted of six rounds of de-
bate, traveling, sightseeing, and
socializing in Louisville. After it was
over, Rose had finally broken .500,
winning 7 debates and losing only
5.
During the abbreviated 1963-64
season Rose Poly participated in
roughly seventy intercollegiate de-
bates and spent many more hours
in practice. The squad had scored
victories over such teams as Indiana
University, Georgetown University,
Virginia State, and the University
of Missouri. They had been beaten
by top competition including the
University of Wisconsin, DePauw
University, the University of Ken-
tucky, and the University of Ala-
bama.
The revival of the debate team has
been very beneficial to Rose. Not
only has the name of Rose Poly-
technic Institute been spread
throughout the eastern half of the
country, two girls in Columbus,
Indiana, had somehow gotten the
erroneous impression that Rose was
in Bemidji, Minnesota) , but de-
bating has helped to dispel the Us-
Engineers - Don't - Need - No - Eng-
lish misconception which is fre-
quently tacked onto technicat
schools. As a member of the debate
squad this year, I feel it has been a
truly rewarding personal experi-
ence. Debate has been a valuable
teacher in many ways. It instills a
sense of competition, improves pub-
lic speaking, builds poise and con-
fidence, and gives valuable prac-
tice in listening and note-taking.
This year meant much work for
both students and coach, and al-
though it has not been one of Mr.
Hahn's better debate years as far as
won-lost records go, I am sure he
would consider it a success. We are
all looking forward to an expanding
program in the years to come. None
of the members of the present team
are graduating, and with several ex-
perienced freshmen coming in, we
know that with Coach Hahn's help
the time is not too far in the future
when Rose Polytechnic Institute
will be among the "Terrors of the
Circuit," both novice and varsity.
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SCHLIEREN ANALYSIS
Mirages appearing in the desert,
highways shimmering in the sun,
and looming appearing to the sailor
are all evidence that the air rising
above heated objects is less dense
than the surrounding air. The
Schlieren apparatus is used to ob-
serve and photograph differences in
density of gases such as observed in
the above phenomena.
The Schlieren effect was first ob-
served by Foupcault about 1859
when he devised a test to observe
the surface configuration of a con-
cave telescope. He probably observed
waves passing in front of his mirror
but it remained for Toepler to re-
alize the significance of this phenom-
enon. Since his publication in 1864,
this method of analysis has been re-
ferred to as the Toepler-Schlieren
Method. Toepler noticed that the
waves he observed were caused by
density gradients. These waves re-





appear in glass for which the Ger-
man word is Schlieren.
The basic system for the Schlieren
analysis appears in Figure 1. A line
source of light is used. This light is
focused across the first knife edge
and onto the field lens which then
focuses the light so that it just grazes
the top of the second knife edge.
The light is then projected onto a
screen. If the second knife were ad-
justed so that it was just high enough
to block the light coming from the
field lens, the screen would appear
dark. If a small volume of a gas of
a different density from that of air
were placed in the test area the light
rays would be refracted. If for in-
stance, the light were reflected up-
ward from the axis of the system, a
light spot would appear on the
screen because some of the rays
would be passing over the top of the
knife edge. In observing density




pass the second knife edge and
after refraction by the various densi-
ties of the fluid, the image on the
screen will show light and dark
areas where the density is varying.
This effect may be seen in Figure 2
showing a typical density gradient.
Quite often the knife edges are re-
placed by small pinholes but their
function is still the same. This is ac-
companied by a corresponding
change in the light source from a
line source to a point source. The
density differences that are observed
may be due to a change in tempera-
ture or pressure of the gas under
observation, to the introduction of a
gas of a different index of refrac-
tion than the surrounding media, or
to the presence of a transparent ob-
ject in the test area.
Schlieren analysis has many appli-
cations where a density gradient is
present. In its simplest form, it is




rising from heated objects. Between
1949 and 1957 a method was de-
veloped whereby the density of a
gas could be determir.ed from the
number of bands observed with the
Schlieren system. With the advent
of supersonic jets, Schlieren analysis
has helped in the study of the noise
problem from these jets. The outlet
of a jet may be analyzed by a
Schlieren system to determine the
exact source of the noise coming
from the jet stream. Schlieren sys-
tems can also be used to analyze the
air flowing around an aerodynamic
object such as an airplane wing sys-
tem. The most recent advances in
the art of Schlieren analysis have
come from tests conducted for the
Mercury space program.
The Jet Propulsion Laboratory has
developed a very efficient system
for observing the air flowing past
a model of a missile. One of the big
problems in obtaining accuracy
with the Schlieren system is that
small disturbances in the system can
seriously alter the results. JPL no-
ticed that distortions were being
caused when the room air hit the
hot quartz windows of the wind tun-
nel, thus setting up currents through
the Schlieren system. They there-
fore built the Schlieren system in a
vacuum. This vacuum system is iso-
lated from the wind tunnel except
where mounts and optical controls
must pass into the wind tunnel. At
these points bellows are fixed which
expand and contract with changes
in atmospheric pressure in the room
thus keeping the ten-thousandths of
an inch tolerance to which the optics
in the system are aligned.
Even though there have been
many advances in Schlieren analysis
including even color photography of
the flow patterns, the basic mechan-
ism is still the same. All these re-
finements are merely additions to
the system used by Toepler back in
1864.
Figure 2: Schlieren photograph of
turbulent bunsen burner flame, ex-
posure 13 microsec.
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False career starts are frustrating from both an achievement and an advance-
ment viewpoint. Getting the right start the first time is often the most
important step in your entire engineering career.
You can make the right start at Collins and you'll be working with the top
men in the field. The scope of our work — Data Processing, Space Communi-
cations, Avionics, Microwave, Antenna Systems and HF, VHF and UHF
communication — offer graduates every opportunity to follow areas of engi-
neering which best suit individual interests and capabilities.
Start your career out on the right foot by contacting your college placement
office for full information.
COLLINS RADIO COMPANY • Cedar Rapids, Iowa • Dallas, Texas •
Newport Beach, California
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THE SHEPHERD'S ALGEBRA
Toftv kainalak
Translated by H. David Blaker, Freshman
This article was translated from
the August, 1963, issue of "Junii
Tekhnik", a Russian popular science
magazine. Its subject, toguz kumalak,
is apparently very popular in the
U.S.S.R.
Toguz kumalak is the ancient na-
tional game of Kazakhstan, a prov-
ince of the U.S.S.R. It received its
name, "the shepherds' algebra," be-
cause of its mathematical nature and
because, according to a very ancient
legend, it was invented by shep-
herds, who were fond of mathemati-
cal games. Toguz kumalak is played
on a special board using lead shot,
pebbles, or beans for markers. The
playing board is shown in Fig. 1.
Although toguz kumulak was very
widespread before the Revolution,
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there was no organized competition
in it. Instead, competition was spon-
taneous; a strong player who had
become a local champion would in-
vite other champions from all over
Kazakhstan to visit and compete
with him, and thus a national cham-
pion would be established. In those
times, toguz kurna/ak was also a
means of gambling. Rich promoters
employed strong players and ar-
ranged matches for them; often
wagers of entire herds of horses and
camels were made on the outcome
of such games. The game was not
established as a sport, however, un-
til after the Revolution.
Rules of the Game.
Looking again at the sketch of the
board, Fig. 1, note that it has 18
small holes, 9 on each side, arranged
in a circle, plus two larger "treas-
ury" holes where the captured
markers are kept. The smaller holes
are marked by letters so that, as in
chess, records and analyses of games
can be made.
To begin the game, the two play-
ers put 9 markers in each of the
small holes. At the start of the
game, then, each player has 81
(9x9) markers and an empty
treasury hole. For convenience,
markers will from now on be re-
ferred to as "shot", and the treasury
hole by its true name of "kazan".
The matter of who gets the first
move is decided by a toss of the dice.
Moves are made alternately, as in
chess and checkers. To make a move,
a player picks up all the shot from
any one of his nine holes and, be-
ginning with that same hole and
moving counterclockwise about the
circle, drops the shot one by one
into each hole until there are none
left. Only one shot is dropped into
each hole; skipping holes is illegal.
Diagrams 1 & 2 illustrate this process
of moving.
During a move, if the last shot
dropped into the opponent's hole in-
creases the number of shot in that
hole to an even number, then the
player captures or wins all the shot
in that hole, and may put them in
his kazan. Moves may only be made
from one's own side of the board.
(Continued on page 24)
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ISC has contributed another sharp Miss Technic
for us. Gloria Martin, a jur.ior pre-law student,
from Kouts, Indiana (near Valparaiso) has a
tremendous personality and abundant energy. A
Student Assistant at Burford, she is active in ZTA
sorority and loves to play the guitar and sing folk
songs.
Gloria enjoys swimming, but any Rose man
will enjoy her most when she is soaking up the
sun. (Her swimming gear is a trim 36-24-36, 5'-9
keel and 125# displacement.) As busy as her






The first step in the production of
aluminum foil is the casting of in-
gots. Gas-fired reverberatory fur-
naces are the type most widely used
for melting. The process involves
charging, melting, and fluxing, and
is generally carried out in a semi-
continuous operation, whereby a
portion of the molten metal is drawn
off into a holding furnace and re-
placed by a new charge. A typical
charge consists of aluminum pig,
scrap, and various alloying metals
such as copper, zinc, manganese,
lead, magnesium, tin, and silicon,
either in pure form or as rich alloys
or hardeners. The alloy used to pro-
duce household foil is 1100 alloy,
which consists of 99 e/. pure alumi-
num and 1 V, oxides and other im-
purities.
After the charge is thoroughly
melted and mixed, it is drawn off
into a fluxing chamber, where a
blend of chlorine and nitrogen is
bubbled through the mixture to
float oxides and other impurities to
the surface.
B. Casting
After fluxing is completed, the
metal is drawn off to the casting
molds.
As the metal pours into the mold,
cold water is sprayed against the
sides of the mold, causing the metal
to begin to solidify. The metaI
freezes as far as the malleable state
(about 900°F) in 1/2 to 2 minutes,
and the hydraulic cylinder begins
moving downward at about 1/2
inches per minute. The mold jacket
is approximately 4 inches deep,
therefore the metal is capable of
supporting itself by the time it is
free of the mold. When the desired
length is reached, the pouring and
mold apparatus is removed, and the
ingot is lifted by crane from the
pit. The ingots to be rolled into foil
are roughly 12" thick, 36" to 52"
wide, 72" to 200" long, and weigh
8,000 to 10,000 pounds each.
C. Scalping
Most casting methods cause waves
and other discontinuities on the
surface of the ingot, thus necessi-
tating the operation called scalping,
in which about 1/4" of metal is re-
moved from both sides of the ingot.
There are several ways this can be
accomplished, but generally the in-
got is simply moved past a large
stationary milling head, turned over
on its other side, and passed by the
milling head again. Scalping pre-
vents the appearance of thin spots
in the later stages of the rolling
operations.
D. Homogenizing
The last step prior to hot rolling
is homogenizing. This is necessary to
assure proper grain orientation and
molecular structure. As the term
implies, the metal is made as homo-
by Dick Swan
Senior, M.E.
genous as possible, and this prac-
tice pays generous dividends in
strip characteristics at later stages
in the fabrication process. Homo-
geniety is accomplished by heating
the ingots at approximately 950°F
in large radiant-tube type furnaces
called soaking pits for a period of




Immediately upon extraction from
the soaking pits, the ingots are
taken to a hot reversing mill, or
slabbing mill, which reduces the
12" thick ingot to a long slab, %"
to 1" thick. Slabbing mills are quite
large, and are of the 4-high type of
construction, i.e., two work rolls and
two back-up rolls mounted on a
vertical stand.
The roll faces on such mills are
from 60" to 96" long, while the di-
ameter of the work rolls is from
24" to 36", and the back-up rolls
are from 48" to 60" in diameter,
and weigh about 25 tons. These mills
have reversible drives powered by
variable speed D-C motors of from
3000 to 5000 horsepower.
The ingot is passed through the
mill in one direction and run out
on to a long roller table on the other
side. The roll opening is then re-
duced about 20 e,; , and the ingot
makes a pass back through to the
entry side, and the process is re-
(Continued an page 30)
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THE BELL TELEPHONE COMPANIES
SALUTE: JOHN M. CORUTHERS
A challenging job dealing with people and figures—that
was John M. Coruthers' career goal when he left college
seven years ago with an electrical engineering degree.
And John found the job, responsibilities and long-
range career opportunities he wanted with the Illinois Bell
Telephone Company.
His first assignment was supervising telephone installa-
tion and repair crews. Recognizing his leadership abilities,
John's company promoted him to District Installation Su-
perintendent. And in only a short time, he was advanced
to his present position of District Plant Manager—an even
more responsible job.
But does the job deal with people? Well, thousands of
businesses and residences in the heart of Chicago depend
on John, and the more than 200 people he supervises, for
the smooth flow of communications.
John M. Coruthers, like many engineers, is impatient
to make things happen for his company and himself. There
are few places where such restlessness is more wekomed
or rewarded than in the fast-growing telephone business.
BELL TELEPHONE COMPANIES
ALCHEMY
(Continued from page 9)
earth. Because everything was com-
mon to one matter, it is easy to see
how the theory of transformation
came to be so widely accepted.
A further development of the
transmutation theory was the con-
cept of the philosopher's stone. Since
there was an ultimate matter which
could take on an infinite number of
forms, it was reasoned that if any
of the forms of matter was reduced
to a simple enough form it could
take on the form of any other sub-
stance. The alchemists believed that
they were capable of reducing the
base metals into the basic form of
matter, but they were unable to
change the basic form into gold. It
was widely believed that an agent
capable of changing all forms of
matter into gold was obtainable. This
agent came to be termed the
philosopher's stone and the search
for it continued until the later part
of the eighteenth century.
It was the Arabs who carried on
the work of the Greeks. For a period
of almost six hundred years the
Arabs developed a study of alchemy
based upon the Greek theories and
it was from this source that Europe
first came into contact with a well
developed study of chemistry and
alchemical theory combined. It is
hard to tell just how much the
Arabs did contribute to the study of
alchemy for their works have not
been studied in the light of today's
knowledge, but we do know that the
Arabs developed and passed on
many chemical methods and opera-
tions. Using the theory of the Greek
alchemists and their own chemical
knowledge, the Arabs' study of al-
chemy, translated into Latin, became
the basis of European alchemy at the
beginning of the twelfth century and
remained such until the beginning
of modern science. In the twelfth
century, Europe was still in the first
crude steps of the development of
metallurgy and pharmacy and knew
nothing of distillation and the prepa-
ration of salts and acids, practices
already well developed in Arabia.
In Europe, it was not until the
learned men of the times had en-
dorsed the possibility of alchemy
that it was accepted by a great num-
ber of men, intent on accomplish-
ing the work of finding the source
of transmutation, the philosopher's
stone. Roger Bacon, St. Thomas
Aquinas and other respected minds
all accepted alchemy, making it a
respectable field of study. St. Thom-
as, writing soon after 1250 A.D.,
says of alchemy: "The chief function
of the alchemist is to transmute
metals, that is to say, the imperfect
ones, in a true manner and not
fraudulently." The greatest push
alchemy received was given by its
acceptance by St. Thomas, for the
clerics of this period began to study
alchemy. It was the clerics, or
monks, who most advanced the
study of alchemy in Europe, for they
comprised the bulk of the educated
men of the period and they had the
time to devote to such a long
study.
By this time it was generally ac-
cepted that there was a philosopher's
stone, and the secret for making it
was possessed by the ancients and
was passed on to deserving alchem-
ists so that it would not fall into un-
deserving hands. The stone meant
unlimited power, wealth and immor-
tality, so it was important that only
responsible persons obtained the
secret for making it. After the se-
cret was known, the alchemist might
spend the rest of his life trying to
perfect his methods. The process is
known to have been divided into
two parts, the gross and subtle work.
The gross part was a tedious process
by which materials were purified,
while the second part concerned
converting the pure materials into
the stone.
The search for the philosopher's
stone was not merely a search for
riches. Throughout the history of
alchemy it was felt that whoever
found the stone would be trans-
formed into a person of an enriched
mind and an elevated character.
Because science was not developed
enough to subject this quest to ridi-
cule, the search was undertaken
with a real sense of devotion to the
furthering of knowledge. Also, be-
cause of the lack of scientific knowl-
edge about the nature of matter,
transmutation was neither illogical
nor absurd.
It is the essential nature of
chemical change that one sub-
stance with certain properties
disappears while another with
different properties takes its
place, and there was nothing in
the knowledge of the times from
which one had the right to con-
clude that it was any more im-
possible to obtain gold from
lead, than to obtain lead itself
from lithare or mercury from
cinnabar. Chemistry is an ex-
perimental science, ar d the only
way to find out whether it is
Practicable to get gold from
lead is to try it. We owe it to
the alchemists to acknowledge
that they did try it, with crude
means, it is true, but with end-
less patience and much needless
repitition.1
For three hundred years the prac-
tice of alchemy was the major effort
of men of science in Europe. Until
the end of the seventeenth century
men searched for the philosopher's
stone.
Those searching for the stone fol-
lowed a certan number of tenets
handed down from those before
1hem. Aristotle, the Arays, St.
Thomas Aquinas and Roger Bacon
all contributed parts of the answer
to the mystery. Alchemy was more
than a legend, it was a science
evolved over the ages that was de-
rived by thought processes and phil-
osophical beliefs, becoming the ac-
cepted study of nature and its laws.
Throughout the search for the stone,
there was a supernatural aspect to
the theory of transmutation that has
not been discussed because of the
relatively unscientific thought pro-
cess behind it.
Transmutation of a form was
seen in the early Greeks' daily life
in the form of the generation of
plants or animals. In the case of a
plant it was conceived that the
"breath of life" from God entered
the seed and made it grow into a
new form, a plant. It was also noted
that the seasons affected this trans-
formation. Since they believed that
IF. J. Moore, History of Chemistry,
(New York, 1939, p. 16.
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all things were merely different
forms of the same matter, then
the transmutation of base metals in-
to gold was believed to be affected
by the heavens and God. In order
to apply this thought process to the
chemical process of creating, the
"breath of life" could be transform-
ed into things which make up all
the metals of the earth. These
things were thought to be vapors
that can condense to form metals,
and were considered the same as
the influence upon matter from the
stars and the moon. So they felt
that a power from the heavens must
be dealt with in a chemical fashion
to obtain transmutation, that power
was in the form of vapors, and that
these vapors were actually sulfur
and mercury. The European al-
chemists, led by St. Thomas Aquinas,
added but one thing to the Greeks'
point of view, accepting it other-
wise. They required a celestial vir-
tue, that of heat.
It is easy to see why the alchem-
ists were actively engaged in search-
ing for the stone for such a long
period of time. The lack of true
scientific knowledge to disprove
their basic theories made them
search for new theories or experi-
ments when the accepted ones fail-
ed. They could not understand why
they did not obtain the stone when
they followed the theories so tedi-
ously. At first they laid their fail-
ures to experimental errors but
soon they turned to the superna-
tural to account for them. The
theories would have kept on devel-
oping to compensate for the failures
if it had not been for the develop-
ment of modern science.
Even though many of the alchem-
ists' theories were not scientific,
their methods were. The methods
they developed became the process-
es used in the laboratories of mod-
ern science. It is here, however,
that the resemblance between al-
chemy and natural science ends.
Science does not seek the ultimate
cause of existence, rather, its objec-
tive is limited, for it verifies every
step before proceeding to the next.
It admits nothing that cannot be
verif ied in some manner. Each
scientist seeks to add to the total
knowledge but he does not try to
construct a model of the world con-
taining all that man might want to
know. Science does not try to use
religion or philosophy in its proofs.
The scientist uses observation to ob-
tain general statements and then by
the use of more observation and the
scientific process, he devises a
theory. Alchemy attempted some-
thing that science does not.
The alchemist sought the solution
to all of man's questions. His ob-
jective included philosophy, religion
and science, matters which modern
science does not include. The al-
chemists did not label their sub-
stances or results, but were merely
interested in one thing, the perfec-
tion of matter; the search for the
stone. Alchemy was never linked
to industry as science is today. The
alchemists were never interested in
finding a new material or process
for industry, and they never dis-
closed what knowledge they had at-
tained.
It is not to be ignored that al-
chemy did make some contributions
to chemistry, however. They taught
us the fundamentals of laboratory
technique, how to distill, sublime,
filter, crystallize, how to handle
chemicals, how to recognize certain
acids and many other chemical oper-
ations. Although the alchemist's
theories were wrong and often dealt
with the supernatural, he did not
use magic or other means in place
of the laboratory. His research was
done in the laboratory as is modern
science's.
Perhaps the alchemists had the
correct idea about fusing religion,
science and philosophy in one field.
If the alchemists could have perfect-
ed the transmutation of matter, as
we have, by the use of nuclear force,
the world would have been better
off with this power in the hands of
men who were trained in religion
and philosophy as well as science.
The alchemists, seeking total perfec-
tion, would have used this power to
much greater advantage than it is
being employed today by men un-
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corner of the front windshield. This
parking sticker would then entitle
the person to park either in the Wi-
ley High School lot, in any of the
areas at ISC, or out at Rose. A
motorist who found the first two
areas full (of automobiles, not beer
cans) would then drive out to Rose
where one of our maintenance men
would check to make sure the car
has a sticker. If so, the maintenance
man would then park the car in any
of the vacant faculty parking areas.
From here the shopper would be
driven into the downtown area by
the maintenance man in a new Pon-
tiac stationwagon emblazoned with
proper emblem and parking sticker.
Actually a whole fleet of station-
wagons could be obtained for this
purpose by the school.
Another main phase of the park-
ing problem concerns the need for
"park park" areas. It was recently
brought to our attention that the
city park board does allow parking
in the parks; however, they prefer
this privilege be confined to the
high school students. Their theory
apparently is that high school stu-
dents just park in the parks, but
college students "park park" in the
parks. It appears that there are no
"park park" areas for college stu-
dents other than the dark, out of
town, gravel roads. These are en-
tirely unsatisfactory because of the
danger of being "bush-wacked" by
other college students who are out
on "patrol" since they do not have
dates.
We recommend, therefore, two
solutions: First, the park board
could be apportioned sufficient
funds to build a "park park" park
for college students. This really
needn't be too costly since teeter-
totters, swings, train rides, and ani-
mals are unnecessary. Also the
property wouldn't necessarily have
to be improved; a serene few acres
of wooded farmland would suffice.
Secondly, the park board could
make known its position of pro-
hibiting college students from "park
parking" in the parks to the ad-
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ministrations of Saint Mary's, ISC,
and Rose. Once the various admini-
strations learned of the anti-liberal-
ism of the park board, they would
probably allow "park parking" on
the campuses. The advantages are
immediately apparent: Both Saint
Mary's and Rose's campuses have the
a priori atmosphere conducive to
good "park parking." Also by con-
fining "park parking" to the campus,
the danger of being tormented by
college students out on "patrol"
would be removed since only the
Vigo Patrol "patrol" would be al-
lowed.
Another traffic problem that is
quite apparent, especially to the
Rose fraternity man, is the "timed"
traffic signals on Sixth and Seventh
Streets. If one were to drive from
one of the fraternity houses to In-
diana State, one would probably
spend more time waiting at red sig-
nals than actually driving. For ex-
ample, the distance between Burford
Hall and the fraternity houses is ap-
proximately six-tenths of a mile. At
twenty miles per hour, it should take
about one and eight-tenths minutes
to cover the distance, but it is seldom
ever made in less than five minutes
which would give an average speed
of six miles per hour. We have two
solutions to this problem. The first
would be to time all of the traffic
signals. However since this seems to
be too difficult for our illustrious
street department, we suggest build-
ing overpasses at every major inter-
section, thus eliminating traffic sig-
nals.
Overpasses and underpasses could
also be built at railroad crossings.
This would alleviate a majority of
the problems of the Rose engineer.
First of all, he would not have to
take into account the probability of
a train crossing his path while calcu-
lating the time required to get his
date from the "park park" place
back to the campus. Also the over-
passes and underpasses would elimi-
nate the existing bumps and thus
reduce the possibility of spilling
one's beer while crossing the railroad
intersections. Furthermore the ab-
sence of the bumps would also re-
duce the possibility of chipping one's
teeth in the back seat.
Cruising along the improved
streets and new overpasses in Terre
Haute could be compared to riding
in a closed car with someone smok-
ing a big cigar. The big, stinking
cigar of Terre Haute is also known
as the Commercial Solvents smoke-
stack. One doesn't have to smoke fo
get cancer in Terre Haute; all he has
to do is breathe. We propose that
Commercial Solvents switch to a
filter tip, but apparently they would
rather fight than switch. An ex-
tension on their smokestack would
travel the smoke a greater distance
before it reached the air, but they
think for themselves. They are not
going to let modern experts in the
field of air pollution influence them.
We suggest a service organization
such as the Terre Haute Rotary
take it upon themselves to install
aerosol air freshener bombs on the
street corners. These could go on
automatically when the stench con-
centration reached a certain level,
and then go off again when the wind
changed. It would be best if they
used the type that completely does
away with odor, but the type that
merely covers it up would be a big
improvement. However, we do ac-
knowledge that aerosol bombs would
have no effect on the pollution
generated at 1230 kilocycles.
Not only does Terre Haute have
air pollution, but it also has moral
pollution. We feel that the best way
to attack this situation is through the
youth. The veterans' organizations
have made an attempt to keep youth
off the street with their "stags." We
propose an extension of the Rose
Reels to a nightly program to at-
tract the attention of youth. We
would like to see more of the out-
standing American and foreign films
that have attracted the student body
all semester.
Another moral problem is the
preponderance of smut and porno-
graphic material on the newsstands.
We definitely feel that this material
should be removed.
Last year the city purchased an
incinerator to dispose of dead animal
carcasses. However, provisions were









remains unused. We propose that the
pornographic material be used as
fuel for the new incinerator and be
purchased from the local news-
stands, thus preventing economic
distress to local business men. This
method of removing objectionable
material from the newstands was
proven effective on February 11,
1961, when the total supply of the
current issue of the Saturday Eve-
ning Post was purchased by certain
civic minded citizens.
Perhaps the filthiest area of pub-
lic morality is the "red light" district
filled with dirty bawdry houses. Here
is an opportunity to use the Youth
Employment Service very effective-
ly. The youth of YES would be em-
ployed to clean up these rotten
houses . . . wash windows, paint
walls, put up new shutters.
While we realize that these solu-
tions are not complete, we feel that
they are the most comprehensive
ones to date. We are therefore send-
ing our solutions to the city council














Prepare for your future in highway
engineering—get the facts about new
DEEP-STRENGTH (Asphalt-Base) pavement
Modern pavement engineering has taken a "giant step
forward" with DEEP-STRENGTH Asphalt construction for new
roads and streets. There is a growing need for engineers
with a solid background in the fundamentals of Asphalt
technology and pavement construction as new Inter-
state and other superhighways in all parts of the
country are being built with advanced design
DEEP-STRENGTH Asphalt pavement.
Your contribution—and reward—in our nation's
vast road-building program can depend on your
knowledge of modern Asphalt technology. So
prepare for your future now. Write us today
TH E AS PHALT I N STITUTE, College Park, Maryland
THE ASPHALT INSTITUTE, College Park, Md.
Gentlemen: Please send me your free student







(Continued from page 15)
To better understand this funda-
mental operation, follow through
these few sample moves. Diagram 2
shows the board position after the
first move. In the notation used in
recording games of toguz kumulak,
that move is written thus:
1. F9 : El0 F9 : El0
The first letter-subscript group
tells the hole from which the move
is begun and the number of shot it
holds. The second group tells the
hole where the final shot lands and
the resulting number of shot there.
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The two are separated either by a
colon or a dash, the colon signifying
that the move captures shot; the
dash that it does not.
The second player replies in kind
with F9 : E10. The next moves are
shown in Diagrams 3 & 4.
2. HO - Ill All - B11
Because the third move creates
holes on the opponent's side contain-
ing odd numbers of shot, and there-
fore capturable, it is said to "open"
those holes. Likewise, the fourth
move, a defensive one, closes holes
by making them even again.
The play, then, is a battle of even
versus odd numbers. Each player
strives to keep only even numbers
of shot in his own holes, thus pre-
venting captures, and, at the same
time, to create odd numbers of shot
in his opponent's holes. In general,
a player wins when he captures
more than 81 shot; that is, the first
to capture 82 shot wins.
There is one exception to this rule
of capturing only even numbers of
shot, and it has to do with the fact
that, in toguz kumulak, holes as well
as shot may be captured. If a player
makes a move in which the final shot
increases the number of shot in the
final hole to three, then he not only
wins those shot, but the hole as well.
After that, all shot which come into
I IIGF E DCBA
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the hole are his and automatically
go into his kazan. According to the
rules, any particular hole may be
captured only once during a game;
furthermore, only one hole of each
letter may be taken. In other words,
if one of the two holes labeled "E"
has been captured, then the other
cannot be taken too. The Kazakh
name for a captured hole is tuzduk,
or "colony." In notation, the taking
of a tuzduk is noted by placing a
small cross (x) after the move; for
example, All : B3x. On the board, a
tuzduk is noted by a piece of paper.
In toguz kumalak, it is possible
for a zugswang condition, one in
which a player does not have a legal
move to make, to arise. This happens
in the endgame, when at least one
player becomes low in shot. In such
a case, it is possible that, by playing
caret ully, one player can make
several moves without transferring
any shot to the opponent's side of
the board, while the other player is
forced to transfer all his shot to
the other side of the board, where he
cannot legally move them. An ex-
ample of zugswang is shown in Dia-
gram 5. Examination shows that
Player No. 2 can, in subsequent
moves, group all his shot in his hole
I, and Player No. 1 will try to do
the same. But No. 2 has a maximum
of 35 possible moves before he must
move all his shot to his opponent's
side of the board, while No. 1 has
only nine moves before he must do
so. Obviously, No. 1 will end up with
no shot to move, and, not having a
legal move, must resign. One play-
er will always have more moves
left than the other; someone always
wins. One must always play toguz
kumulak with the possibility of
zugswang in mind.
Illustrative Game.
Like chess, toguz kumulak has
particular openings. In ages past,
the individual holes on the board
were given names, and the openings,
and games too, are named for the
hole where they begin. The names
of the holes, starting with A and go-
ing lef t to right, are "tandyk"
(rearmost) , "tekturmas" (restless) ,
"koshpely" (wanderer) , "atsyratar"
(time waster) , "bel" (middle one) ,
"belbasar" (neutral) , "kandikap-
kan" (bloody trap) , "kokmoyn"
(blue crest) , "mandai" (forehead) .
To better illustrate how this game
is actually played and the proper
strategies to use, consider the follow-
ing fictitious annotated game. It is
named by the name of the hole from
which it is begun, the kandikapkan,
or "bloody trap". According to an
old legend, one of the greatest play-
ers of ancient times lost a great prize,
a white camel, because of this hole,
and he ever afterward called it the
"bloody trap"; that is how the G
hole got its name. In a game, it is
very dangerous for a player to allow
this hole to become a tuzduk.
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White
1. G9 : F10
2. El0 - Ell






Note how White's second move
opens holes and places them under
attack.
3 
4. B13 : El2
(Diag. 8)
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White allows Black to capture a
tuzduk, then captures a rich hole.
Despite his tuzduk, Black has a poor
position. His shot are not logically
arranged; his holes C and D are in-
active from lack of shot, and mov-
ing a shot into holes H offers White
a tuzduk. Under pressure, Black
makes a bad move (H1 - 12 would
be better).
5 
6. G6 : C14 !
B1 - C13
B1 - Cl
Now Black is threatened by zugs-
wang. His sixth move was practically
forced, since any other creates great
threats of White's taking a tuzduk.
7. F5 : A2
8. E5 - 14
Cl : D13
H1 - 13
White is putting more shot in his
attacking holes and dispersing his
rich holes.
9. D14 : !
G2 - H2
White threatens to make a tuzduk
of Black's hole G2. Black, realizing
the danger, defends it. To allow
this hole to be captured is very
dangerous.
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Now White has several objects of
attack. He has opened Black's hole
D, and threatens him with his at-
tacking holes G5, H6, 16. Black can
gain nothing now by giving White a
tuzduk, but he must grasp at straws.
He does so, but guards his rich hole
F, in hopes of building a defense.
11: G6 : C3x
(Diag. 11)
12. F5 : A4
23. 18 : H4





15. Fl - G3
16. E4 - H10
17. Fl - G5





White now has 81 shot, and needs
only one more to win.
18 . 
19. D3 - Fl
30. E2 - Fl
21. El - F3
22. D1 - El
23. El - F4
24. H1 -
25, 12 - Al
1 1
xr 
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Hoguz kumalak could certainly be
a means of improving mathematical
skills and might even be good recre-
ation. In a country as game-happy





The resistor is the most widely
used electronic component and, con-
sequently, is the most familiar to the
engineering student. This familiarity
breeds a contempt for resistors and
causes the student to by-pass re-
sistors (with capacitors) and hurry
on to the more exotic components
such as transistors, tunnel diodes,
thermistors and photoelectric cells.
However, there is much more to a
resistor than Ohm's law, and the
book, Resistance and Resistors by
Charles L. Wellard, proves this with
250 pages of interesting and useful
information about resistors.
Resistor is defined in Webster's
New World Dictiaruiry as " a device
used in a circuit primarily to pro-
vide resistance." Resistance is de-
fined as "the property of opposing
the passage of a current, causing
electric energy to be transformed
into heat." Therefore, a resistor is a
device used in a circuit primarily
to oppose the passage of current.
Georg Simon Ohm is credited
with formulating the theory of re-
sistors in 1826. In his paper, "The
Galvanic Chain, Mathematically
Treated," he set forth the idea that
the current through a resistor is
proportional to the voltage across
it. This volt-ampere relation is
called Ohm's law and is expressed
as E = I R
where E = voltage in volts
I = current in amperes
R = resistance in ohms.
Combining Ohm's law with the defi-
nitions of voltage, current, power
and energy, Kirchhoff's voltage and
current laws and the superposition
principle allows the solution of al-
most all resistance problems en-
countered in electric circuits.
Between one and two billion car-
bon resistors are used annually in
this country. There are in a typical
piece of electronic equipment two
and one-half resistors for each
capacitor or four resistors for each
tube and transistor. Of this moun-
tain of resistors about 10 7() are film-
type fixed composition-carbon resis-
tors and 90 7( are slug-type.
by Stan Henson
Junior, E.E.
into a solid rod. Tin-coated copper
leads are embedded in the rod and
it is covered with a phenolic plastic
jacket. The resistor is heat-treated
to help stabilize the resistive ele-
ment and then it is measured and
color-coded.
Many of the general specifications
for fixed composition-carbon resist-
ors have been standardized. For ex-
ample, the physical size, power
rating and maximum voltage rating
are standardized as shown in Table
1. Also, all carbon resistors have
axial leads. These leads are one and












(volts - DC or RMS)
1 /10 0.075 0.160 150
1/4 0.098 0.265 250
1/3 0.105 0.415 250
1/2 3/16 3/8 350
1 1/4 3/4 500
2 5/16 1 5/16 500
The film-type fixed composition-
carbon resistor is usually a precision
resistor due to the ease of making
these resistors in the desired values.
A typical lot of the film-type resis-
tors will yield more than 90 7( with-
in It 10 7( of the desired value
whereas the slug-type resistors are
made and then sorted according to
their resistance.
The slug-type fixed composition-
carbon resistor is made of a mixture
of carbon and resin which is formed
one-tenth watt size which has one
inch leads. Manufacturers use the
EIA preferred resistance values and
the same color-coding for all carbon
resistors.
The carbon resistor is subjected to
many tests to determine its total
operating characteristics. These
tests determine the effects on the re-
sistance of environment, handling,
storage, overloads and so on. Six
of these tests (soldering effects, load
life, humidity effects, noise, radia-
26
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tion effects, and high frequency re-
sponse) are discussed briefly below.
Soldering effects. The heat applied
to a resistor while soldering its
leads can cause a change in the re-
sistance value. When one-fourth inch
leads are soldered at 270 degrees
Celsius for less than ten seconds,
the resistance change for carbon re-
sistors is less than 1' ; and can be
neglected in most cases. If over-
heating does occur, mechanical dam-
age is likely to accompany major
electrical damage.
Load life. The standard load life
test for carbon resistors is 1000
hours at 70 degree Celsius with the
resistor load cycled one and one-
half hours at maximum and one-
half hour off. The change in resist-
,ance during the test should be less
than 10'; . This test is a measure
of the quality of the resistive ma-
terial and the effectiveness of the
covering in preventing oxidation of
the resistive element.
Humidity effects. Most resistors
show a decrease in resistance with
humidity due to shunt paths being
created across the resistor. Ho-w-
ever, the resistance of a carbon re-
sistor increases with humidity since
the resistive element expands with
ofit/c y y c
moisture ar d this decreases the con-
tact between the carbon granules
which increases the resistance. When
the resistor dries out, the resistance
decreases somewhat but it does not
return to the original value. Oper-
ating the resistor at maximum load
helps keep the resistor dry under
conditions of high humidity and re-
duces the resistance change.
Noise. Electrical noise in resistors
is generally low enough to be neg-
lected, but it is present and must
be considered in some cases. Wire-
wound resistors are noise free ex-
cept for Johnson noise caused by
thermal agitation. Precision film
resistors have very low noise levels
while fixed composition-carbon re-
sistors have higher noise levels. This
noise level increases linearly with
the voltage applied and is higher in
higher resistance resistors. This is
due to the reduced number of con-
tacts between the carbon granules.
Increasing the physical size of a
carbon resistor decreases the noise
because of the increase in the num-
ber of carbon granule contacts.
Radiaticm effects. Radiation can
have damaging effects on some
types of resistors. Resistive material
containing the lighter metals (such
as boron) is very easily damaged by
radiation and must be used with
caution. Carbon resistors exhibit
small changes (four to six per cent)
in resistance when subjected to radi-
ation.
High frequency respcmse. The re-
sistance of carbon resistors decreases
as frequency increases. The film-
type resistor shows less resistance
decrease than does the slug-type.
High frequency response is deter-
mined by the ratio of length to cross-
sectional area. The film-type resistor
has a smaller cross-section than the
slug-type and a higher ratio. Figure
1 shows the decrease with frequency
of several resistance values of film-
type resistors. The high frequency
response of a resistor is also an indi-
cation of its response in high speed
pulse circuits.
The common carbon resistor has
many interesting characteristics to
be investigated by enterprising en-
gineering students. The carbon re-
sistor is proof that the field of elec-
trical engineering is an exciting
field. Isn't it exciting to think that
electrical engineering confuses the
simple carbon resistor with tests and




"Reading nourishes the mind, and
refreshes it when it is wearied with
study, though not without study."
Seneca, Epistuate ad Lucilium
Epis. lxxiv, 1.
LITERATURE and SCIENCE, by
Aldous Huxley. Harper, 1963. In this
penetrating book Mr. Huxley asks:
What is the function of literature?
What is its psychology? What is the
nature of literary language? How do
its function, psychology and lan-
guage differ from those of science?
What in the past has been the re-
lationship between literature and
science? What is it now? What might
it be in the future? And what would
it be profitable for a twentieth-
century man of letters to do about
twentieth-century science.
Strange as it may seem, though
this is the age of science, a study
of the contemporary literature does
not infer that this is the case. Con-
temporary poetry, drama and fiction
contain f ew ref erences to con-
temporary science. There are few
references to the metaphysical and
ethical problems raised by con-
temporary science. Most of the re-
cent discussions of the subject are
couched in abstract terms with little
or no citations of case histories, no
references to concrete problems, and
no illustrative examples. The author
of the work under consideration
deals with specific questions in the
fields of immediate experience, of
conceptualization of philosophical
interpretation and of verbal expres-
sion. He illustrates these themes
with quotations from various
sources. He analyzes the nature of
the literary language and contrasts
the meanings with simplified lan-
guage of science. He shows how
writers of earlier centuries made
use of available scientific knowl-
edge. He gives examples of how mod-
ern science has modified and added
to the traditional raw materials of
literature, and he concludes with a
speculative discussion of the ways
in which men of letters may work
up the raw materials of new fact and
revolutionary hypothesis provided
by science, changing them into a new
kind of literature, capable of ex-
pression and at the same time co-
ordinating and giving significance to
the totality of an ever-widening hu-
man experience.
STUDIES in EXPLANATION; a
reader in the philosophy of science,
edited by Russell Kahl. Prentice-
Hall, 1963. As the subtitle indicates
this book is meant to be a reader in
the philosophy of science. It is a
collection of twenty-seven writings,
ranging over the sciences and the
history of science, and is designed to
illustrate the thought of scientists
and the major problems that have
interested philosophers of science.
Included in the collection are ex-
amples of explanations, explanatory
sketches, and problems in explaining
from early science, physics, biology,
psychology, motivation theory, per-
sonality theory, sociology, and his-
tory. The examples range from ob-
vious inadequacies to classic ex-
planations in the history of science.
The examples include deterministic
and teleological explanations, mech-
anistic explanations, the wave theory
of light, the program of organismic
biology, evolutionary theory, an ex-
by Harry Gilbert
Librarian
ample of a homeostatic system,
Freudian psychoanalysis, the ex-
planation of statistical correlations,
functionalism in sociology, and the
use of ideal types in sociology and
history.
PREHISTORY and the BEGIN-
NINGS of CIVILIZATION, by Jac-
quetta Hawkes and Sir Leonard
Woolley. Harper and Row, 1963.
The first part of this book deals
with man's prehistoric past. Starting
with the early ape men it passes on
the emergence of Homo sapiens, the
differentiation of races and the
peopling of the Americas. The story
goes on to the domestication of
plants and animals of Southwest
Asia less than ten thousand years
ago, and the spread of farming in
Europe and Asia. Men could now
live a settled life and develop crafts.
Civilization lay open before them.
The second part of the book con-
tinues the story from the intro-
duction of metal to 1200 B.C. During
the Bronze Age the Urban Revolu-
tion took place. Here developed a
proportion of rulers, clergy, artis-
ans and merchants who lived on the
surplus produced by farmers and
fishermen. These full-time pro-
fessionals represented a new class
and for the first time the word
"civilization" can be used in re-
ferring to the people and society
of the world. The book continues
with the grouping and distribution
of mankind, the urbanization of
civilization in all parts of the world,
the social and economic structures,
the evolution of industries, and the
development of science and the fine
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Give her a Corsage
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arts. There are chapters on religion,
languages, education, travel, etc.
The book concludes with descrip-
tions of the conditions of civilized
life at the end of the thirtieth cen-
tury B.C.
Here are some of the latest rec-
ords added to the Library collec-
tion:
SIMPLY HEAVENLY, a musical
comedy by Langston Hughes and
David Martin.
Roumanian Rhapsody No. 1 in A
Major, Op. 11, No. 1, and Roumar.ian
Rhapsody No. 2 in D Major, Op. 11,
No. 2, by George Enesco. Carnival
Overture, Op. 92, by Antonin Dvor-
ak. Francesca da Rimini, Ip. 32, by
Peter Ilyich Tchaikovsky.
Prokofiev, Serge, Concerto No. 1
in D Major for Violin and Orches-
tra, Op. 19; Concerto No. 2 in G
Minor for Violin and Orchestra Op.
63. Isaac Stern, Violinist. The New
York Philharmonic, Leonard Bern-
stein, Conductor.
Smetana, Bedrich, The Moldau;
Weber, Carl Maria von, Invitation to
the Dance; Liszt, Franz Mephisto
Waltz; Berlioz, Hector, Minuet of
the Will o' the Wisps, Dance of the
Sylphs, Rakoczy March. The Phila-
delphia Orchestra, Eugene Ormandy
Conductor.
Kean, Alfred. Drake, a rich and
lavish musical about life and love
in London a century ago., from a
comedy by Jean-Paul Sartre.
Lalo, Victor Antoine Edouard.
Symphonie Espagnole in D. Minor,
Op. 21, and Bruch, Max, Violin Con-
certo in G Minor, Op. 26. Isaac Stern,
violin. The Philadelphia Orchestra,
Eugene Ormancy, Conductor.
Vivaldi, Antonio. Concerto in A
Minor for two violins, and Bach, J.
S., Violin concerto No. 1 in A Minor;
Violin Concerto No. 2 in E Major.
The Philadelphia Orchestra, Eugene
Ormandy, Conductor.
Levant, Oscar, Pianist. Some Pleas-
ant Moments in the Twentieth Cen-
tury. Featuring selections from
Rachmaninoff, Mompou, Shostako-
vitch, Ravel, Cyril Scott, Prokofiev
and Debussy.
Experience
is a great teacher
but . .
you can learn more
from books
cheaper and faster
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ALUMINUM FOIL
(Continued from page 18)
peated again. About 9 passes are
required to reduce a 12" ingot to a
5/8" slab. If the slabs are to be sub-
sequently cold rolled, the slabbing
continues down to about 1/4". If,
however, they are to be hot rolled
before they are cold rolled, the slab-
bing operation stops at from 5 '8" to
1" thick. After the last pass, the
slab is end-trimmed. The strip is
also side-trimmed several times at
later stages, so this must be allowed
for when determining the width of
the ingot to be cast.
During the slabbing operation, it
is necessary to cool both the mill
rolls and the slab to prevent over-
heating of the rolls and to insure
sufficient lubrication between the
slab and the rolls to prevent metal
sticking to the rolls. The coolant
used for slabbing is a heavy soluble
oil solution which operates over a
temperature range of from 100 to
125°F. The coolant is sprayed di-
rectly on the slab as it enters the




Soluble oil coolants are also used on
all subsequent rolling operations,
but beyond slabbing, the coolant is
sprayed only on the work rolls, and
not on the metal.
B. Hot Continuous Rolling
Hot rolling is carried out down to
thicknesses of from .080" to .200"
on high-speed, 4-high hot continuous
mills, which operate at a metal
temperature of from 300 to 800°F.
These mills are about 50" to 80"
wide, with work rolls 40" to 50" in
diameter. Hot rolling causes no
microstructural changes, and there-
fore no heat treatment of hot rolled
products is necessary except where
special properties are desired.
After the first pass through the
hot continuous mill, the metal is
coiled onto hollow sleeves or ex-
pandable mandrels. All subsequent
rolling, slitting, coating, and sepa-
rating operations can then be broken
down into these three basic steps:
a. Unwinding
b. Performing the given operation
c. Rewinding
For most primary fabricating oper-
2
t•:
ations, the coils will weigh from
6000 to 10,000 pounds.
III. Cold Rolling
A. Cold Rolling to Strip Sheet
Metal from .250" down to .005"
thick is considered strip sheet, the
production of which is the next step
in manufacturing foil. Metal thin-
ner than .080" must be cold rolled
on mills ranging from 18" x 54" x
72" down to 6" x 24" x 48".
Cold rolling causes several prop-
erty changes in the metal, such as
increasing strength and hardness and
decreasing ductility. These proper-
ty changes are proportional to the
percentage reduction taken on each
pass through the mill, and rigid pass
schedules must be maintained to in-
sure that a given set of physical
properties can be reproduced when
desired.
B. Heat Treating
Because of the microstructural
changes produced by cold rolling,
heat treating is necessary at various
stages to keep the metal from be-
coming exceedingly brittle. Anneal-
ing is generally done in large gas-
fired tube-type furnaces which may
10
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range from 50,000 to 150,000 pounds
metal capacity.
The annealing operation essential-
ly recrystallizes the metal, which
has been strain-hardened by cold
rolling. The temperatures needed
for recrystallization cover a range
of from 200 to 700°F, and depend on
the alloy and the amount of strain
hardening induced.
IV. Foil Rolling
By definition, foil is material less
than .005" thick. Normally, house-
hold aluminum foil is .0007"thick,
but it is commercially available down
to .00025" thick. Foil rolling is a
continuation of the methods of sheet
rolling, but because of the ex-
tremely delicate nature of the metal,
control of tension, lubrication, and
roll shapes must necessarily be ex-
tremely accurate.
The thickness of foil is controlled
by adjusting speed of the rolls and
tension on the strip rather than by
varying the roll opening. In rolling
thicknesses less than .001", the foil
is rolled two sheets at a time. This is
accomplished by using two unwind
stands on the entry side of the mill,
unwinding two coils of metal
simultaneously, and spraying a fine
mist of light oil between the two
sheets just before they enter the
rolls, to prevent sticking. The two
sheets are then rewound on a single
rewind spool. By using this meth-
od, called pack rolling, high quality,
mirror-finish foil can be produced
as thin as .00025" per sheet.
As an example of the extreme
dimensional accuracy required for
operation of such mills, a particle the
size of a large grain of sand can
cause enough damage to a work roll
to necessitate refinishing the roll.
These rolls are ground to a mirror
finish of 0 to .5 microinches.
Another unusual facet of foil roll-
ing is that the metal is so thin that
even X-ray gauges are only accu-
rate to ±--20 70. It is therefore com-
mon practice, in addition to X-ray
gauging, to weigh a sample of known
area on a precision balance and then
compute the thickness of the foil.
Thus the thickness is often ex-
pressed as yield, in units of square
inches per pound.
Perhaps you have wondered why
aluminum foil is shiny on one side
and dull on the other. The degree of
finish is produced simply by vary-
ing the angle of entry into the work
rolls. The steeper the angle, the
greater contrast there will be be-
tween the finish on each side.
V. Slitting and Separating
The final operation in the pro-
duction of aluminum foil is slitting
and separating. In the operation, the
large double thickness coil pro-
duced in the last rolling operation
is fed between roller knives which
can be adjusted to cut any desired
width, and then separated and each
sheet rewound onto small cores into
coils 12" to 18" wide and weighing
300 to 500 pounds each.
These coils then become the raw
material for any subsequent opera-
tions ranging from spooling and
packing for use as household foil to
laminating to paper for package
labels, to fabrication into tiny con-
densers and other electrical com-
ponents of space vehicles.
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A hillbilly, walking down a lane
in the backwoods, found a frag-
ment of looking glass. Since he
had never seen a mirror before,
as he looked at it he said : "Well,
well ! If it ain't a picture of my old
Dad !" He put the piece in his pock-
et and his wife found it there that
night, searching for money. Look-
ing into it, she said: "Ah-ha! So
that's the old hag he's been run-
ning around with !"
A man was stopped by an at-
tractive young woman as he walked
down the street. When she realized
she did not know him, she said:
"Oh, excuse me. I thought you
were the father of two of my chil-
dren!"
He stood there, dumbfounded,
as she walked away, never realizing
she was the eighth grade teacher
at the neighborhood school!
Hear about the new "Doggie
Bra ?" . . . It makes pointers out of
setters.
Little boy to his mother: "Mom,
can Freddie and I go out and listen
to Daddy put on the tire chains?"
The young husband came from
the office. "What's the matter
dear ?" he asked his wife. "You look
upset." "Oh, it's been a dreadful
day," his wife said. "First the baby
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cut his first tooth, then he took his
first step, and then he fell and
knocked out his tooth."
"Well, then what happened ?"
asked the young pop.
"Then, darling," cried the young
wife unhappily, "then he said his
first word !"
Professor: "Are you troubled
by thoughts that you might flunk
out of engineering school?"
C.E.: "No, I rather enjoy them."
Two farmers were discussing
their son's progress in the big-city
university. Ezra said, "I don't
rightly understand them degrees
the boys are workin' fer. Do you
Cy."
"Reckon so," replied Cy, modest-
ly. "First one they get is called a
B.S. And you know what that
means."
Being a man of the world, Ezra
knew.
Cy went on: "Well, sir, they
work a little harder and they get
this here M.S. That means More
of the Same.
Ezra nodded.
"Then comes the hard part. They
study night and day, put in years
of readin', write all kinds of papers,
and then, if they're lucky, they get
the highest one of 'em all. The
Ph.D."
"And what does that stand fer ?"
asked Ezra.
"Piled Higher and Deeper."
* * *
The height of bad luck : seasick-
ness and lockjaw.
A certain man was traveling
overnight on a train. As he was
Treparing to retire for the evening,
he noticed that the berth beneath
his was occupied by a young lady
who was trying vainly to attract
his attention. The man, somewhat
annoyed, ignored her, got into his
own berth, and was just about
asleep when a voice was heard
from below, "I'm so cold. Can I
borrow an extra blanket or some-
thing to keep warm " The man
thought a minute and then re-
sponded, "Why don't we pretend
we are married tonight ?" With a
slight giggle she replied, "That
sounds like fun." "Good," the man
quipped. "Go get your own damn
blanket."
At a recent convention of the
American Institute for the Preser-
vation of Wooden Toilet Seats, it
was decided that the organization's
name wa.s too long. Consequently,
they renamed it the Birch John
Society.
TURN OUT THE LIGHTS AND PRESS THE BUTTON
No preconceptions, please. Too often they point you
away from the buried treasure. Because Kodak is
properly known as a grand place for chemical engineers
and chemists, fledgling electronic engineers may over-
look us. All the better for those who don't. Particularly
for those who would rather apply ideas than dream
them, unfashionable as candor compels us to sound.
It takes all kind of electronic engineers to make to-
day's world, but we think we clearly see the ones likely
to wind up nearer the helm here 25 years hence:
When his projects are evaluated, he'd rather be right
than ahead of his time.
He works few if any miracles with sealing wax, old
shoestring, and new developments in plasma harmonics,
but when they turn off the lights in the big darkroom,
his machine from the very first crack starts inspecting,
processing, or otherwise handling light-sensitive prod-
uct smoothly, bugless, and at the miraculous rates he
had promised in the preliminary design report. He ac-
complishes this by keeping abreast of the state of his
art instead of considering his diploma an exemption
from learning anything new.
He deals with people as smoothly as with things.
He would rather put his roots down in the community
where he lives than root himself in one narrow box of
engineering specialization. He welcomes changes of pace
more than of place.
He finds it cozy to know that if times change, our
diversification leaves dozens of directions to go without
fighting the cold world outside.
Care to talk to us? Above remarks apply to more than
just electronic engineers.
EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y.
Kodak
An equal-opportunity employer offering a choice of three communities: Rochester, N. Y., Kingsport, Tenn., and Longview, Tax.
Advancement in a Big Company:
How it Works
An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group
C. K. Rieger
• Charles K. Riegel. joined General Elec-
tric's Technical Marketing Program after
earning a BSEE at the University of Mis-
souri in 1936. Following sales engineering
assignments in motor, defense and home
laundry operations, he became manager of
the Heating Device and Fan Division in
1947. Other Consumer-industry management
positions followed. In 1953 he was elected
a vice president. one of the youngest men
ever named a Company officer. Mr. Rieger
became Vice President, Marketing Services
in 1959 and was appointed to his present
position in 1961. He is responsible for all
the operations of some six divisions com-
posed of 23 product operations oriented
primarily toward the Electric Utility market.
Q. How can I be sure of getting the
recognition I feel I'm capable of earn-
ing in a big company like G.E.?
A. We learned long ago we couldn't
afford to let capable people get lost.
That was one of the reasons why G.E.
was decentralized into more than a
hundred autonomous operating de-
partments. These operations develop,
engineer, manufacture and market
products much as if they were inde-
pendent companies. Since each de-
partment is responsible for its own
success, each man's share of author-
ity and responsibility is pinpointed.
Believe me, outstanding performance
is recognized, and rewarded.
Q. Can you tell me what the "promo-
tional ladder" is at General Electric?
A. We regard each man individually.
Whether you join us on a training
program or are placed in a specific
posit:on opening, you'll first have to
prove your ability to handle a job.
Once you've done that, you'll be given
more responsibility, more difficult
projects—work that's important to
the success of your organization and
your personal development. Your abil-
ity will create a "promotional ladder"
of your own.
Q. Will my development be confined
to whatever department I start in?
A. Not at all! Here's where "big com-
pany" scope works to broaden your
career outlook. Industry, and General
Electric particularly, is constantly
changing — adapting to market the
fruits of research, reorganizing to
maintain proper alignment with our
customers, creating new operations
to handle large projects. All this rep-
resents opportunity beyond the limits
of any single department.
Q. Yes, but just how often do these
opportunities arise?
A. To give you some idea, 25 percent
of G-E's gross sales last year came
from products that were unknown
only five or ten years ago. These new
products range from electric tooth
brushes and silicone rubber com-
pounds to atomic reactors and inter-
planetary sp3ce probes. This chang-
ing Company needs men with ambi-
t:on and energy and talent who aren't
afraid of a big job—who welcome the
challenge of helping to start new
businesses like these. Demonstrate
your ability—whether to handle com-
ple.x technical problems or to manage
people, and you won't have long to
wait for opportunities to fit your
needs.
Q. How does General Electric help
me prepare myself for advancement
opportunity?
A. Programs in Engineering, Manu-
facturing or Technical Marketing give
you valuable on-the-job training. We
have Company-conducted courses to
improve your professional ability no
matter where you begin. Under Tui-
t:on Refund or Advanced Degree Pro-
grams you can continue your formal
education. Throughout your career
with General Electric you'll receive
frequent appraisals to help your self-
development. Your advancement will
be largely up to you.
FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y. 12305
GENERAL ELECTRIC
An Equal Opportunity Employer
5 9 8 9 daiff
